Abstract The aim of this study was to evaluate osmometry as a tool in quality analysis of milk. The osmolality of raw milk, sterilized milk, skimmed UHT (ultra-high temperaturetreated) milk, pasteurized milk, standardized UHT milk and fermented milk (Lactococcus lactis culture) was determined by freezing point osmometry. The relationship between osmolality and pH of fermented milk was further investigated during spontaneous fermentation of UHT milk at 37°C for 48 h. Average osmolality values (mean ± SD) were raw milk-290.2 ± 7.98, sterilized milk-290.2 ± 5.84, skimmed UHT milk-290.8±3.31, pasteurized milk-283.6±2.28, standardized UHT milk-281 ± 4.59 and fermented milk-466.0 ± 17.30 mOsmoles kg −1
Introduction
Milk is the most scrutinized agricultural commodity, largely because of the economic, animal health and public health implications. Amongst the parameters used in evaluating milk quality are chemical composition, physicochemical properties, microbial quality, somatic cell count and level of antimicrobial residues. One of the physicochemical parameters of milk is osmolality. The osmolality of milk depends on the total concentration of diffusible solutes. As previously defined (Lord 1999) , osmolality is the total concentration of solutes in a solution, expressed as the number of particles dissolved in 1 kg of solvent (mOsmoles kg
−1
). Hence its value depends on the total number of particles in a solution as well as the volume of solvent in the system. Osmolality is therefore an accurate indicator of the water content and level of solutes in a fluid. Osmometry, the measurement of osmolality, has long been a valuable tool in the clinical examination of urine and serum samples for diagnostic and therapeutic purposes (Lord 1999) . Later on, applications of osmolality were extended to analysis of pharmaceutical preparations and food testing. The osmolality of milk is an important physiological parameter owing to it being highly preserved, even for pooled milk collected from a large population of cows (Buttel et al. 2008 ). According to Jenness (1985) and Jonker et al. (1998) , the principal solutes in bovine milk are as follows; lactose-149.
, phosphate-14.8 mMol L . However, calculations derived from the normal freezing point of raw milk, which is between −0.512°C and −0.550°C (Zargorska and Ciprovica 2013), show that the normal osmolality can vary from 280 to 296 mOsmoles kg −1 with a mean of 290 mOsmoles kg −1
. As expected, the osmolality of fresh raw milk is equal to that of plasma.
In contrast to carbohydrate, minerals and organic acids which exist in solution, the bulk of milk proteins (caseins) and all milk fat exist in colloidal suspension and therefore do not contribute to the osmolality of milk. Whey proteins, however, make some contribution to the total osmolality of milk and occupy the balance of the osmotic space. The aim of the present study was to evaluate the use of osmometry in quality analysis of milk and milk products.
Methods and materials
The instrument used for measurement of osmolality is called an osmometer. Determination of osmolality by freezing point depression is the preferred method of measuring osmolality. Pure water has a freezing point of 0°C. The freezing point goes down by 1.86°C per each mole of solute added to 1 kg of water. Unlike methods based on vapor pressure, freezing point depression is not affected by volatile substances present in fermented milks and milk products, like ethanol, acetyldehyde and 3-methyl butanal (Gadaga et al. 2007 ).
For measurement of osmolality, a 500 mL sample of fresh raw milk was collected from the bulk tank at the Dairy Unit of the University of Zimbabwe Farm at weekly intervals for 5 weeks. One branded sample each of pasteurized milk (500 mL), sterilized milk (500 mL), standardized UHT milk (ultra high temperature-treated, 500 mL), skimmed UHT milk (1 L) and fermented milk (500 mL) were sourced at random from renowned retail supermarkets also at weekly intervals. The processed milk samples were confirmed to be within the expiry date on the package. All milk samples were kept below 5°C during transport and storage (maximum 1 day) to prevent production of osmotically active substances through bacterial fermentation. An aliquot of 50 μL was taken from each sample using a micropipette and placed into an Eppendorf tube. Osmolality was measured in triplicate with a cryoscopic osmometer (Osmomat 030, Gonotech, Germany). The thermistor head of the osmometer was wiped clean between successive samples. Accuracy of the osmometer was validated using distilled water. The composition of milk products sampled in this study, according to manufacturer's label, is indicated in Table 1 .
In order to establish the validity of osmometry as technique for analysis of quality of fermented milks, the osmolality and pH of UHT milk were measured simultaneously before and during 2 days of spontaneous fermentation. Six samples of UHT milk were selected at random from retail outlets. From each sample, 100 mL aliquots were placed into six glass bottles which were then closed and incubated at 37°C for 2 days. Measurements were undertaken at the beginning (day 0), at 24 h (day 1) and 48 h (day 2) of incubation at 37°C (Gellenkamp Thermostirrer, Germany). Osmolality was determined as previously described, whereas the pH was measured using a pH meter (Jenway 3305, UK).
Results
All statistics and statistical analysis of results were performed on Sigma Plot version 1.02 (Jandel Scientific). Table 2 gives the osmolality of milk products evaluated in the present study.
Taking the minimum and maximum values for normal osmolality of fresh milk to be 280 and 296 mOsmoles kg
respectively, the distribution of osmolality values in samples of fresh milk measured in this study is illustrated in Fig. 1 .
The changes in osmolality of UHT milk that occurred during spontaneous fermentation are shown in Fig. 2a . On average, the osmolality increased form an average of 308 by 134.83±10 (SD) mOsmoles kg −1 over 2 days of fermentation.
The maximum osmolality attained after 2 days of fermentation was 473 mOsmoles kg −1
. Figure 2b depicts the corresponding changes in the pH of the milk during the same period. The pH decreased from an average of 6.65 by 2.02±0.2 (SD) units over the 2-day fermentation period. A minimum value of pH4.45 was recorded after 2 days of fermentation. Osmolality and pH exhibited a high negative correlation of −97.49 %.
Discussion
In previous studies by Bruckmaier et al. (2004) the osmolality of raw milk was found to lie between 284 and 295 mOsmoles . In similar investigations, the osmolality of pasteurized milk was found to be in the range 274-281.5 (mean of 277.8 mOsmoles kg
) and that of UHT milk lay in the range 272.9-292.5, with a mean of 282.7 mOsmoles kg −1 (Dini-G et al. 2004 ). Thus the osmolality of raw milk obtained in the present investigation is in consonant with those from earlier research workers. The osmolality of sterilized milk and skimmed UHT milk were equal to osmolality values for raw cow's milk. The results indicate absence of detectable extraneous water or added solutes to the milk products sampled. They also reaffirm that osmolality of milk is not affected by processing procedures such as sterilization, ultra-high temperature sterilization and skimming. The mean osmolality of pasteurized milk was 6.6 mOsmoles kg −1 lower than that of raw milk.
Likewise, the average osmolality of standardized UHT milk was found to be below the value for raw milk by 8.6 mOsmoles kg −1
. However, both values were not significantly different from the osmolality of raw milk (p =0.05). In general, slightly lower osmolality values for some processed milk products in comparison to raw milk may be attributed to unintentional addition of water from milk processing machinery. However, osmolality values below 277 mOsmoles kg −1 indicate unacceptable mixing of milk with water (Buttel et al. 2008) . In the present study, one sample of pasteurized milk had an osmolality of 271 mOsmoles kg −1 and another of standardized UHT milk recorded 273 mOsmoles kg −1
. Maintaining a normal milk osmolality during milking and processing is therefore a reliable indicator of product quality. Of the 25 samples of fresh milk evaluated in this study, 22 had osmolality values within the normal range for raw milk, two were hypo-osmotic and one was hyper-osmotic.
Of all the tested milk products, fermented milk had the highest osmolality in comparison to raw milk (p =0.000015), on average 176 mOsmoles kg −1 higher. During the process of fermentation by Lactococcus lactis, the milk disaccharide lactose is first broken down to two monosaccharides glucose and galactose, resulting in an increase in the total number of solute particles. Glucose and galactose are subsequently metabolized to yield energy plus two molecules of lactic acid each (Thomas et al. 1980) , further increasing the osmolality. Milk tends to undergo fermentation at high ambient temperature and during prolonged storage. Therefore if a fresh milk product is found to have an osmolality value higher than 296 mOsmoles kg
, it can be concluded that the milk was either exposed to high ambient temperatures, or it was kept beyond its shelf life. In this study, one sample of raw milk recorded an osmolality of 305 mOsmoles kg
, showing that some fermentation had taken place. The validity of osmolality as an index of fermentation was confirmed by simultaneous measurements of pH and osmolality during spontaneous fermentation of UHT milk. Results obtained for changes in pH in the present investigation were in consonant with previous studies on spontaneous fermentation of UHT milk (Gadaga et al. 2001) . A negative correlation was found between pH and hypo-osmotic 8% normal 88%
hyper-osmotic 4% osmolality, with a high correlation coefficient of approximately −97.5 %. Osmolality values of fresh milk much higher than those of raw milk may also indicate contamination or adulteration of milk with a soluble substance. Adulteration may be defined as the addition of extraneous matter to a natural food or beverage resulting in a decrease in the purity and nutritive value thereof. Adulteration of cow milk primarily involves addition of water to natural milk in order to increase the volume, thereby fraudulently increasing profit margins. Addition of water to milk is hazardous in that the source of water may be contaminated with pathogenic organisms or harmful chemicals. A variety of secondary adulterants are then added to the diluted milk to mimic the original physical and chemical properties. Most of the secondary adulterants are inexpensive water-soluble compounds such as urea and sucrose. The Kjeldhal method employed in quantification of milk protein is based on the total nitrogen content, and cannot discriminate between protein nitrogen and non-protein nitrogen. Hence urea has been added to milk to increase total nitrogen content and simulate a normal protein concentration following dilution of milk with water. Urea (Molecular weight=60.06) is a water-soluble organic compound with a molecular formula CO (NH 2 ) 2 . It is present in milk at physiological concentration of 0.180-0.490 g L −1 (Golden et al. 2001) . Levels above 0.700 g L −1 are considered as adulteration (Hilding-Ohlsson et al. 2010) . Ingestion of high levels of urea can cause gastrointestinal disturbances such as indigestion and ulceration. It is therefore necessary to detect any form of adulteration of milk before it reaches the consumer. Determination of the osmolality of milk is valuable in detecting adulteration of milk with water and/or soluble substances. According to Kumar et al. (2000) the level of urea in adulterated milk varied from 4.0 to 14 g L −1
. This concentration is sufficient to allow detection of adulteration of milk with urea by freezing point osmometry.
In the dairy industry, dilution of milk with water is ordinarily detected by measuring the specific gravity of milk using a lactometer (Adam 2009 ). The specific gravity of milk varies from 1.027 to 1.035 with a mean of 1.032. The minimum detection limit of the lactometer is 10 % added water. In intentional adulteration, lactometer readings can easily be kept within normal range by addition of secondary adulterants to the diluted milk. Thus the search for detection methods with higher sensitivity continues. Osmometry provides a simple but valid alternative method to the dairy industry for screening fraudulent adulteration of milk with water and urea or other soluble compounds. A number of sophisticated techniques are also available for detection of milk adulteration with water and urea in the laboratory but are too costly for routine analysis. Using a constant phase angle based impedance sensor, Das et al. (2011) were able to detect adulteration of milk with lower limits of 10 % water as well as 0.6 g L −1 urea. Similarly, adulteration of milk with a lower limit of 0.8 g L −1 of urea could be detected by infrared microspectroscopy followed by chemometric analysis (Santos et al. 2013) . Colorimetric methods, based on reactions of an indicator reagent with ammonia liberated from urea by urease, have also been developed (Kumar et al. 2000) . For organic compounds which are sparingly soluble in water, such as melamine (HildingOhlsson et al. 2010) , osmometry would be of limited value therefore other established techniques are recommended for their detection in milk.
Conclusion
Benefits of measuring osmolality of milk include monitoring milk for proper composition and assurance of proper shelf life. In addition, osmolality can be used as an index of the extent of milk fermentation and is therefore suitable for quality analysis of fermented milks and milk products.
